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The purpose of this investigation was to study the 
anodic dissolution of zinc at a temperatura of 25°C ln 
Br -Bro; solutions. 
In Br solutions, it was found that the apparent 
valences of zinc ions going into solution were approxi-
mately the normal value of two. Smaller values were ob-
tained in Bro; solutions, with the most pronounced 
changes occurring in the higher concentrations of Bro;. 
An empirical equation was derived relating the apparent 
valence (z.) to the current density (amp·cm- 2 ) and 
l 
Bro; concentration (gmol/liter): 
2 - z. 
l 
= 3.11 X i0.13(C -)0.57 
Br0 3 
The mechanism for the dissolution of zinc was proposed 
as follows: 
Zn(s) + H2o(aq) = Zn(OH) (s) + H+(aq) + e 
Zn(OH) (s) = ZnO(s) + H+{aq) + e 
ZnO(s) + .H 2o(aq) = Zn(OH) 2 (s) (r.d.s.) 
+2 -Zn(OH) 2 (s) = Zn (aq) + 2 OH (aq) 
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Development and implementation of corrosion control 
for industrial processes have been recognized as urgent 
problems for many years. This has lead to extensive 
studies on the fundamental behavior of active metals 
such as magnesium, zinc, aluminum, and cadmium in 
corrosive media by many investigators. 
The basic mechanism for the anodic dissolution of 
these metals is still not completely understood. Several 
have been proposed, such as the chunk effect, local 
corrosion, and uncommon valence ion formation, but 
evidence is still lacking to draw unquestionable con-
clusions to explain discrepancies which arise between 
coulometric data and actual weight losses of metal 
electrodes in certain salt solutions. 
The purpose of this research was to study further 
the anodic dissolution of zinc in potassium bromide-
potassium bromate solutions in an effort to better 
understand the role of anions in the process . 
2 
II. LrrERA'l'URE REVIEW 
Mechanisms for the anodic dissolution of metals 
such as zinc, magnesium, and cadmium in aqueous salt 
solutions have been proposed by different investigators. 
In order to give a general picture of these processes, 
reports of the anodic behavior of zinc and related metals 
are presented in this review of literature. 
A. Current Efficiency of the Anodic Dissolution of 
Zinc in Various Electrolytes 
In the present century, considerable work has been 
done on the anodic dissolution of zinc in aqueous solu-
tions. It has been found that the anode consumption is 
much greater than predicted by F~raday's law for di-
valent zinc ion formation. Other metals such as magne-
sium, cadmium, beryllium, aluminum, and silver also 
exhibit this phenomenon. The implication here is that 
these metals dissolve with a mean valence lower than 
their normal oxidation state. 
Epelboin1 proposed an "uncommon valence ion" 
mechanism for zinc after performing anodic dissolution 
experiments in perchlorate solutions. A value of 1.4 
was reported for the apparent valence. This value was 
obtained both by determining the weight loss of the 
zinc electrode and the amount of chloride ion formed 
from perchlorate ion reduction. 
3 
Davidson and co-workers 2 - 4 have given support to 
the "uncommon valence ion" concept to explain the de-
viation from Faraday's law. They calculated the initial 
valence number (V.) of a metal undergoing anodic disso-
l 
lution in various electrolytes using the active metal 
as the anode and platinum as the cathode. The electro-
lytic cell was connected in series with a full-wave 
rectifier (the current source), a silver coulomcter, and 
an ammeter. An oxygen-free nitrogen atmosphere was 
maintained over the electrolyte. The initial valence 
number was calculated with the equation: 
v. = 
l 
(wt. of silver deposited 1n coulomcter) (at. wt. of metal) 
(107.88) (wt. of metal lost from anode) 
(1) 
The valence number was found to lie between one and two, 
and was explained on the hypothesis that the primary re-
action at the metal anode consists of a stepwise oxida-
tion. The first step involved the oxidation of the metal 
to the unipositive ion at the anode: 
+ e (at the electrode) ( 2) 
The unipositive ion readily forms the normal bipositive 
ion as the second step. However, there arc two ways in 
which this second step can occur: 
(l) By further electrolytic oxidation at the anode 
M+ -+ M+ 2 + e (at the electrode) (3) 
4 
(2) By chemical oxidation by an oxidizing agent 1n 
solution 
+ oxidant-)- +2 M + reductant (in solution) ( 4) 
With nonreducible electrolytes, such as Cl or so 4 , re-
action (4) cannot occur and consequently an initial mean 
valence number of two would be observed according to 
reactions (2) and (3). With electrolytes like N0 3 , 
however, both reactions (3) and (4) can occur. This 
would cause the initial mean valence to range between 1 
and 2, depending upon the relative extents of reactions 
(3) and (4) which in turn depend upon temperature and the 
-
concentration of the oxidizing electrolyte. 
As early as 1901, Bredig 5 found colloidal solutions 
of metals in the vicinity of anodes during the electro-
lysis of pure water. 6 Burton , in 1906, made colloidal 
solutions of metals using current densities of 6.5 to 
-2 7.5 amp·cm and potentials of 30 to 60 volts. lie ob-
served clouds of finely divided metal particles scatter-
ing from the cathode during sparking that remained 
suspended in the water for a time depending on the 
nature of the metal. Metal particles from platinum, 
gold, silver, bismuth, lead, and iron electrodes were 
obtained. He explained the process as vaporization of 
the metal at the electrode with dispersion and condon-
sation of the metal vapor in the solution. 
7 Harsh and Schaschl reported the remvoal of "chunks 
of iron" containing many ntoms when steel was dissolved 
anodically at a high rate in dilute hydrochloric acid 
(pH = 2) . Because of this expulsion of metallic parti-
cles, the metal did not dissolve as predicted by 
Faraday's law. 
For the anodic dissolution of magnesium, 
Greenblatt 8 suggested that as magnesium ions leave the 
metal lattice, a finite time is required for them to 
diffuse through the oxide film, thus creating an excess 
of positive ions. The film containing excess positive 
ions must also have an equal number of anion vacancies. 
To obtain electrical neutrality, electrons flow across 
the film, filling the anion vacancies and do not pass 
through the external circuit. Thus, the amount of cur-
rent measured through the external circuit is deficient 
due to this flow of electrons through the film which 
5 
fills anion vacancies. This results in a greater amount 
of metal being dissolved than the nuniller of coulombs 
passing through the external circuit would indicate. 
9 Hoey and Cohen give several possibilities for the 
anodic dissolution of magnesium. They found by X-ray 
diffraction analyses that a film of Mg(OH) 2 is formed on 
the surface of the Mg anode. They further observed very 
small free Mg particles in the film by optical examina-
tion. Accordingly, they proposed the corrosion rate to 
be film controlled, that is, one in which a hydroxide 
film partially spalls off the surface and carries metallic 
purticles with it upon the paso;uge of i.l.n anodic currc•nt. 
They suggested the reuction us: 
2 Mg ++ I'lgMg + 2 e 
l-1g ++ + I·1g(OH) 2 + H 2 
Reaction (6) shows why the corrosion products he1ve i.1 
tendency to evolve hydrogen. 
( 5) 
( 6) 
The film-control theory received much support from 
R b . d . 10 o 1nson an K1ng They termed the increose in II 2 
evolution on magnesium with increasing e1nodic current 
density as a nc(_Jutive "difference effect." This nege1tivc 
difference effect is responsive to film repe1ir and 
damage. In the absence of external currents, the anode 
forms a protective magnesium hydroxide film. I·Jhen a 
current passes, the film is postule1ted e1s being de1m<1gcd 
due to a build-up of soluble m<1gnes1um se1lts e1nrl thereby 
unprotected areas react with water in <1 fashion compar-
able to the reaction between sodium and we1ter. The in-
creased rate was thus explained to be directly propor-
tional to the unprotected e1reas. This explanation is 
limited to electrolytes conte1ining anions capable of 
forming soluble magnesium salts. 
Later, Straumanis and Bhatia11 showed that magne-
sium disintegrated partially into very small metallic 
particles under certain conditions of dissolution or 
7 
corrosion. The dark color of the flakes separating from 
the anode was caused by the presence of minute magnesium 
particles held in a matrix of Mg(OH) 2 as confirmed under 
high magnification employing both reflected and trans-
mitted light. They discounted the concept of uncommon 
valency and explained both positive or negative difference 
effects as a result of the ease with which the passi-
vation film is removed, and the ease with which the 
metallic particles are separated from the anode surface. 
James and Reed12 investigated the anodic dissolution 
of zinc in 3% KN0 3 solution with current densities which 
varied from 0.38 to 79.4 ma-cm- 2 • The apparent valence 
of zinc dissolving at current densities below 30 ma·cm- 2 
was 2.01+ 0.01. -2 From 30 to 40 rna-em , a transition 
from normal dissolution to partial anodic disintegration 
-2 took place, and above 40 rna-em , the apparent valences 
were less than two. 
Some instances in which anodic disintegration has 
been recognized are: Mg dissolving in HCl, HC10 4 , and 
1 0 13 0 1 0 0 HC 1 1 t 0 14 I 15 H2 so 4 so utlons ; Be dlsso v1ng ln so u 1ons 
0 16 Cd d 0 l o 0 Al dissolving in KCl-HCl solut1ons ; 1sso v1ng 1n 
1 0 17 SO ut10ns ; and Zn dissolving in KN0 3 solu-
19 The complex-ion mechanism was suggested by Del Boca 
for the deviation from Faraday's law of zinc and cadmium 
electrolytically dissolving in liquid ammonia. He 
suggested that a portion of the anode dissolved in the 
+2 form of species such as Zn·Zn • 
8 
B. The Relationship Between Current Density and Potential 
of Zinc in Various Elect;olytes 
In 1953, 20 electrolyses were performed by Huber 
with a zinc anode and a platinum cathode in 1 N NaOH and 
In 1 N NaOH, the current-voltage 
curve showed a discontinuity where the voltage suddenly 
jumps to a branch of the curve representing oxygen 
evolution. Simultaneously, a dark coating is formed on 
the electrode. On the other hand, an active branch in 
l N Na 2co 3 is scarcely observed and the current density 
remains small with increasing voltage. Higher current 
densities appear only when voltages are reached corres-
ponding to the evolution of oxygen as in NaOH solution. 
Simultaneously, a darkening of the color of the coating 
can also be observed. 
Later, a systematic study of the anodic oxidation 
of zinc in 0.146 N NaOH-0.054 N Na 2co 3 was carried out 
by Fry and Whitaker in 1959. 21 When the current flow 
through the cell was kept constant, after an initial 
period the anode potential increased linearly with time. 
The mean rate of increase became greater as the current 
density increased. When the anode potential was kept 
constant, a smooth black film was obtained at 1.5 to 3.5v; 
a white film formed above 4 v. A plot of the effective 
9 
wet rcsistunce (the anode potential divided by the 
current) against the anode potential shows that the film 
resistance increased by about 100% at the boundary be-
tween dark 0ncl white films. The resistance of the 
black film dropped rapidly with increasing voltage. This 
suggested that the concentration of metallic zinc in the 
barrier layer of the black film increases with increasing 
voltage, rapidly at first and then more slowly. 
The anodic oxidation of Zn and Zn-Sn alloy in 0.1 M 
borax solution was studied by Wakkad, Din, and Kotb 22 in 
19 58. Plots of log i versus potential enabled them to 
determine the critical current density for passivation. 
A critical current density for a 25% Zn alloy could not 
be de tc ·-mined cas i ly. ,.'Vi th the other electrodes, such 
as pure zinc and a 50% Zn alloy, more definite critical 
currents were obtained. 
Recently, Yoshino 23 measured the anodic potential 
of zinc electrodes in aqueous solution at 80°C. He re-
- - -3 ported thJt_ the Clnions IIco 3 , N0 3 , and P0 4 increased the 
- -2 pot_cnti.:ll whereas Cl 0nd SO 4 did not. The increase at 
h iCJh t(:mpc ra ture was similar to that at room temperature. 
Krochrnal and Bcltowsha 24 conducted an investigation 
of the influence of anions and cations on the anodic 
behavior of zinc in EOll, ICCl and KN0 3 solutions. They 
rc·portcd th<:1. L t.he potent iul of the zinc anode before 
electrolysis llcpcndecl on the kind of cations involved, 
the effect of which decreased in the order of 
Zn>Mg>Na>NH 4 . 
Johnson, et. al. , 25 measured the potential of cad-
mium in solutions of CdCl 2-Kcl, CdBr 2-KBr, and Cd(N0 3 ) 2 
-KN0 3 at 25°C with current densities varying from 10-
3 
10 
to 10-l amp·cm- 2 Stable potentials were obtained within 
a few minutes in all solutions except those containing 
N0 3 . In No; solutions, the potential 
at current densities greater than 10- 2 
fluctuated widely 
-2 
amp· em The 
fluctuation seemed to be associated with a rapid passiva-
tion and activation of the electrode, possibly caused 
by a spalling o~ the gray surface film. Linear Tafel 
curves existed over a current range of approximately 
-3 -2 -2 10 to 10 amp·cm Above current densities of 10- 2 
-2 
amp·cm I the potential rose rapidly, probably due to 
IR drop in the reference circuit and/or passivation 
an 
of the metal. 26 Stern and Geary state that such devia-
tions from the Tafel behavior may be caused by local 
action currents, concentration polarization, IR drop 
effects, or by a change in the predominant electrode 
reaction. 
III. EXPEHIMEN'rAL 
The experimental plan consisted of the following 
phases: (l) the effect of Br -Bra; concentration and 
current density on the apparent valence of zinc under-
going anodic dissolution, and (2) the potential-current 
density relationship for the anodic dissolution of zinc 
in the electrolytes used in the first phase. The films 
formed on the zinc anode were examined by microscopic 
and X-ray diffraction techniques. 
carried out at 25 + 0.5°C. 
The studies were 
ll 
The description of each phase of the experimentation 
includes the apparatus, procedure, data and results, and 
sample calculations. The materials and equipment used in 
the study are listed in Appendices A and B. 
A. The Apparent Valence of Zinc Undergoing Anodic 
Dissolution in KBr-KBr03 Solutions at 25°C 
L Apparatus. The apparatus consisted of an elec-
trolytic cell with separated compartments of 300 milli-
liter capacity, a zinc anode, a platinized-platinum 
cathode, a milliammeter, and a decade-type power resistor, 
all connected in series with a power supply. The arrange-
ment of the apparatus is shm·1n in Figure 1. A timer with 
one-tenth second divisions was used to measure the time 
elapsed during an experiment. The cell was immersed in a 




















E - Knife-blade switch 
F - Power supply 
G - Milliammeter 




Figure 1. Diagram of the apparatus for determining 
the apparent valence of zinc undergoing anodic dissolution. 
13 
2. Procedure. A cylindrical specimen of known 
cross-sectional area was machined from a bar of zinc 
metal of 99.99+ percent purity. The specimen was polished 
immediately before each run according to the procedure 
listed in Appendix C, cleaned in distilled water with an 
ultrasonic cleaner, and rinsed in distilled water. It 
was finally rinsed with acetone and dried to constant 
weight in a desiccator. The weighed specimen was mounted 
in a teflon holder as shown in Figure 2. The cell was 
charged with approximately 250 milliliters of electro-
lyte and placed into the constant temperature water-bath 
so as to ensure complete submergence of the electrolyte. 
About one-half hour was allowed to bring the system to 
constant temperature before starting a run. After that, 
the mounted zinc anode and the platinized-platinum cath-
ode were put into their respective compartments and 
connected into the external circuit as shown in Figure 1. 
Nitrogen was bubbled through both compartments to flush 
air from the system and to stir the electrolyte. To 
begin a run, the power supply was turned on, the output 
voltage adjusted to a value between 200 and 500 volts, 
the knife switch closed, and the current adjusted to a 
desired value with the power resistance. A timer and 
milliammeter were used to determine the number of 
coulombs (amp-seconds) passed. After a predetermined 
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A - Copper wire 
B - Teflon tube 
D 
c 
C - Teflon specimen holder 
D - Zinc specimen 
E - Exposed surface 
Figure 2. Diagram of the teflon holder 




and the zinc anode removed from the cell. The anode 
was again cleaned in the ultrasonic cleaner, rinsed 
with distilled water and acetone, dried overnight in the 
desiccator, and reweighed to determine the weight loss. 
3. Data and results. The valence studies were 
carried out in potassium bromide-potassium bromate solu-
tions of various concentrations at 25 + 0.5°C. The 
ionic strength was held constant at unity. The current 
densities ranged from 3 to 80 ma-cm- 2 . The data are 
shown in Tables I to IX, Appendix D. Some reproducibil-
ity tests were performed and are shown in Table I. 
Graphical representations of the results are shown 
1n Figure 3. The apparent valence approached the normal 
valence of two in 1.00 N and 0.200 N potassium bromide 
solutions and did not vary appreciably with current 
density. A much smaller value was obtained in bromate 
solutions. The changes were most pronounced at high 
-2 Bro; concentrations. Above approximately 30 ma·cm 
the apparent valence remained approximately constant. 
The zinc anode surface turned black as soon as the 
electrolysis was started at the higher current densities 
and shortly became grayish-white. Part of this grayish-
white film continually spalled from the anode and 
settled to the bottom of the cell. Upon removal of the 
anode at the end of a run, the film turned from grayish-



































Figure 3. Effect of Br--Bro; concentration and 
current density on the apparent valence of zinc undergoing 
anodic dissolution at 25°C. (Ql.OO N KBr 1 ~0.200 N KBr 1 
0 0.195 N KBr-0.005 N I<Br03 1 '\7 0.190 N KBr-0.010 N KBr03 1 
• 0.130 N KBr-0.070 N KBr03 1 A 0.010 N KBr-0.010 N KBr03 1 
a 0 • 0 7 0 N KBr 0 • 13 0 N KBrO 3 1 • 0 . 0 50 N KBr- 0 • 15 0 N KBrO 3 1 
~ 0.200 N KBr0 3 ). 
17 
minutes. The films precipitates were collected for 
further study. 
In order to obtain some of the black film for study, 
the anode was removed from the electrolyte after 30 
seconds of electrolysis, washed and dried immediately 
with acetone, and then examined under a high magnification 
microscope. Small bright particles of zinc were found 
in the film. Photomicrographs of the corroded surface 
are shown in Figure 4, and Figure 5 shows the white film 
present on the zinc anode. An X-ray analysis of the 
white precipitate from the bottom of the anodic compart-
ment gave the "d" spacings shown in Table X. Comparisons 
with A.S.T.M. files show the precipitate to be zinc 
oxide. 12 20 Similar results were obtained by Reed , Huber, 
and Fry21 for films formed under somewhat different con-
ditions. 
A qualitative test was made for Br ions at the end 
of an electrolysis in 0.200 N KBr03 by adding a few 
drops of 0.010 N AgN0 3 . A yellowish precipitate (AgBr) 
resulted, thus indicating the presence of bromide ions. 
Further quantitative tests were made using Mohr's 
method. The bromide ion content was determined by 
titration with 0.010 N ngN0 3 using 5 percent K2Cro 4 as 
an indicator. The results arc shown in Table XI. 
4. Sample calculations. The method used for cal-
culating the apparent valence of zinc was the same in all 
18 
1 
Figure 4 . Black film on the zinc surface after 
30 seconds of anodic dissolution at 80 -3 -2 x 10 amp·cm 




Figure 5. Zinc surface (250X) after anodic disso-
lution at 30 x 10- 3 amp · cm- 2 in 0.100 N KBr-0.100 N 
(a) before removal of surface film , 
(b) after removal of surface film with ultrasonic cleaner . 
20 
tests. For illustration purposes, the anodic dissolution 
of zinc in 0.130 N KBr-0.070 N KBro 3 solution at 
50 -3 -2 x 10 amp·cm has been selected. 
The theoretical weight of zinc dissolved according to 
Faraday's law, assuming the normal oxidation state of 
plus two, was calculated as follows: 
w 
a 
I t A 
z F 
where: 
Wa theoretical weight-loss of zinc, gm 
I= current= (0.050) (0.946) = 0.04730 amp 
t = time of the run = 3,119 sec 
A atomic weight of zinc= 65.38 
( 7) 
F Faraday's constant= 96,500 amp secjgm-equiv. 




(0.04730) (3119) (65.38) 
(96 1 500) (2) 
0.050 gm 




(theoretical weight-loss) (normal valence) 
(experimental weight-loss) 
(0. 050) (2) 
(0. 06302) 
l. 59 ( 8) 
13. 'I'llC l\nod i c Potent ~~t_l- c L~ ~E-~-'-~~_!=~_~J__i~'. }~t. ]~~:J~l_J_1_~;~1_i r_:____£ or 
the Anodic Dissolution of Zinc in Pote1:;;;j um !)nw!idc~-
--·----- ----·--- -----------
Potassium Bromate Solutions at 25°C 
l. App.:1 rc~1 t us. 
described for the apparent valence study, except that 
the anode was incorporated in an additional circuit to 
measure the potential difference bet\'Jcen the anode and 
a reference electrode. A diagram of the apparatus 
arrangement is shown in Figure 6. The circuit Lc' Lv;een 
the calomel (1 N KCl) reference electrode and the zinc 
anode was completed through a Luggin cupillary and u sult 
bridge. A diagram of the electrode holucr u:c>ed in these 
studies is shown in Figure 7. The potential difference 
between the anode and the reference clectroue was mea-
sured with an electrometer and vluS maintained u t u con-
stant value with u potentiostut during polarization. 
2. Procedure. The same procedures were used as 
described in the previous section for preparation of the 
zinc electrode and electrolytic cell. These studies 
were also carried out at a constant tc8pcrature of 
25 + 0.5°C. After the anode had reached a steady rest 
pot en ti al (\·li thou t current flm·;ing) , u s 1 igll tly more 
positive potential \/us imprcsc..;cd on it ':.ritll the potentia-
stat. The current \vus ullo\·:ed to reuch u re la ti ve ly 
steady vulue, then the potentiul increused by u small 
increment. In this manner, the range from the rest 




















G - Salt bridge 
H - Constant 
temperature bath 
I - Reference electrode 
Figure 6. Diagram of the apparatus for polariza-






















\ I t\J ~ ·y 
c 
A - Copper vJire 
B - Teflon tube 
C - Teflon holder 
D - Zinc specimen 
E - Exposed surface 
c 
Figure 7. Diagram of the teflon holder for the 
polarization measurements of zinc anodes. 
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3. Data nnd results. The polarization studies 
were curried out under the same conditions as the npparent 
valence measurements. All of the potentials are referred 
to the standard hydrogen electrode (SHE). The data are 
shown in Tables XII to XXII. Plots of potential versus 
the log of current density are shown in Figures 8 through 
11. A summary of the Tafel slopes and rest potentials 
are tabulated in Table XXIII. The previously mentioned 
grayish-white films on the anode surface were observed 
in all electrolytes other than 1.00 and 0.200 N KBr 
solutions. A pseudo passivation region was found. At 
high potentials, the current density increases very slowly 
with increasing potential. Duplicate determinations of 
the polarization curves in 1.00 N and 0.200 N KBr solu-
tions are shown in Figures 8 and 9. 
4. Sample calculations. The calculation of the 
anode potential ~s illustrated below. Data from Table 
XVI have been used for the illustratio~. 
where 
= 0.28- 0.86 = -0.58 volts 
E = potential of the Zn anode, volts (SHE) Zn 
( 9) 
E = potential of the calomel (1 N KCl) reference 
ref 
electrode= 0.28 volts 
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Figure 8. The polarization curve for the anodic 
dissolution of zinc in 1.00 N KBr solution at 25°C. 
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Figure 9. The polarization curve for the 
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anodic dissolution of zinc in 0.200 N KBr solution at 
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The polarization curves for the anodic 
dissolution of zinc in 0 1. 00 N KBr 1 ~ 0. 200 N KBr 1 
0 0.195 N KBr-0.005 N KBr0 3 , \7 0.190 N KBr-0.010 N 
KBro 3 , and e 0.130 N KBr-0.070 N KBr0 3 solutions at 
25°C. 
27 
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Figure ll. 
log -2 i, amp-em 
The polarization curves for the 
anodic dissolution of zinc in AO.lOO N KBr-0.100 N 
KBr0
3
,1] 0.070 N KBr-0.130 N KBr0 3 ,y 0.050 N KBr-
0 .150 N KBro
3




The discussion of results is presented in two parts: 
(1) anodic dissolution of zinc in potassium bromide-
potassium bromate solutions, and (2) the relationship 
between the current density and the potential of zinc in 
potassium bromide-potassium bromate solutions. 
A. Anodic Dissolution of Zinc in Potassium Bromide-
Potassium Bromate Solutions at 25°C 
The initial mean valence of zinc was determined to 
lie between one and two by Sorensen, Davidson and 
Kleinberg2- 4 as they dissolved zinc anodically in certain 
oxidizing salt solutions. This result has been confirmed 
in several subsequent studies on the anodic dissolution 
of zinc in various electrolytes. James, Stoner and 
Sun 27 , 28 obtained a valence of 1.87 for zinc and 1.46 for 
cadmium during anodic dissolution in 3 percent potassium 
nitrate solutions at 25°C. 
In this study, several determinations were made of 
the apparent valence of zinc dissolving anodically in 
potassium bromide-potassium bromate solutions. It can 
be seen (from Tables I and II, Appendix D) that the 
apparent valence is close to the normal value of +2 in 
1.00 and 0.200 N potassium bromide solutions. In potas-
sium bromide-potassium bromate solutions, lower values 
of the apparent valences were obtained. The deviation 
29 
from the normal value increased with increasing concen-
tration of bromate ions. 
A dark black film formed on the surface of the zinc 
electrode after about 30 seconds of electrolysis at high 
current densities. This film became grayish-white and 
gelatinous after about 20 minutes had passed. The film 
was present only when electrolyses were performed in 
electrolytes containing potassium bromate where it was 
also found that the apparent valence of zinc was lower 
than the normal value. It remained on the electrode 
surface during the entire dissolution experiment. When 
the film was removed from the surface, microscopic ob-
servation showed it contained small bright particles of 
zinc. No film was found on the zinc anode and the metal 
surface was shiny when the electrolyses were performed in 
either 1.00 or 0.200 N potassium bromide solutions. In 
bromate solutions, the electrolytes became very turbid 
towards the end of the experiments. X-ray analyses of 
the material obtained by filtering the electrolyte re-
d · l by Reed12 and vealed it to be ZnO as reporte prevlous y 
18 Sun . It is suspected that this film may be related to 
the abnormal behavior of the anodic dissolution. 
Quantitative tests were made to determine the 
amount of bromide ion formed during the electrolysis in 
0.200 N potassium bromate. The results (Table XI) show 
that the amount of bromide ions formed is equivalent to 
30 
the difference between the weight of zinc dissolved 
according to Faraday's law und the actual weight loss, 
assuming bromate ions to be the oxidizing agent. 
Thus, in a manner similar to that proposed pre-
. l 28 VlOUS y , the overall dissolution process can be repre-
sented as a combinution of several individual processes, 
i.e. , 
a. Anodic electrochemical reaction (responsible 
for current in the external circuit} 
Zn(s} +2 + Zn (aq} + 2e 
b. Self-dissolution reactions (local corrosion) 
3 Zn(s) + 3 Zn+ 2 (aq} + 6e (anodic) 
3 H20(aq) + Bro3 (aq) + 6e 
(10} 
( 11) 
Br (aq) + 6 OH- (aq) (cathodic) (l 2 ) 
the overall self-dissolution reaction is 
3 Zn(s) + Br;(aq) + 3 n2o~aq) 
3 Zn + 2 (aq) + Br- (aq) + 6 OH- (aq) (13) 
c. Disintegration due to non-uniform dissolution on 
the electrode surface. 
These individual processes account for both the experi-
mental values of the apparent valences and the production 
of bromide from bromate ions in the electrolyte. 
The experimental results show current density to be 
an influential factor affecting the apparent valence. 
~he apparent valence varies with current density below 
o.bout 30 x 10- 3 amp· cm- 2 , but remains almost con~;tant 
at higher vo.lues. 'rhis indicates tho.t the relative 
ratio of non-faru.dic to fo.radic dissolution increo.ses 
with current density up to a limiting value u.t 30 x 10- 3 
J l 
a -
2 b h. h . . mp·cm , a ove w lC lt rerclalns con:>tant. Doth the pro-
tecti ve films on the Zn anode and the cathodic .:1rcz1s 
may promote disintegration. 
A mathematical representation of such a dissolution 
r d . db . . . 17,18,29 p ocess was erlve y prevlous lnvestlgators 
in which the total dissolution rate was expressed .:1s the 
sum of the electrochemical, local corrosion, and disinte-
gration rates, 
( 14) 
The electrochemical dissolution rate is porportional 
to the current, therefore, 
(15) 
The rate of local corrosion would be dependent on 
several variables. Among these are the reactiveness of 
the metal, the number of local cathodes (impurities and 
metallic structure), the rate at which the local cathodes 
are uncovered (probably related to the external current) , 
and the concentration of hydrogen ions, or other dcpolar-
izers (apparently Bro; in this study). 'I'hus, for the 
electrolyte containing Bro;, the local corrosion rate of 





Since disintegration results directly from corrosion, 
a first approximation would be to assume that the dis-




rD = rL = l (CBro;) 3 (17) 
Thus, 
.-
rT = kl l + .m k2 l (CBrO-) 
3 
n .m n + k3 l (CBrO-) 
3 
.m .- n 












kl i + k4 l (CBro;) 
= 
2 
k"im n 1 + (CBrO-) 
3 
= (19) 









Log-log plots of (} - zi) versus CBro; at constant 
current densities have been prepared using data from 
these studies. Straight lines resulted and are shown in 
Figure 12. 
The average value of their s~opes gives a value for 
the exponent, n = 0.57. 
Similar plots were also prepared for varying current 
densities at constant Bro; ion concentration. Straight 
lines were again obtained as shown in Figure 13. The 
average value of slopes gives a value form= 0.13. 
\'Jith these values, equation (20) becomes 
2- z. 
l 
A value for k can be calculated by substituting 
experimental data into equation ( 21) . From Table IX, 
( 21) 
-3 -2 
= 0.200 N and i = 20 x 10 amp•cm z. = 
l 1.25 when CBr0 3 
With these values, 
2 - 1.25 
and 


















The effect of bromate ion con-
centration on the apparent valence of zinc under-
going anodic dissolution at 25°C. 
-2 
amp· em , and 0 
-2 
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-2.6 -2.2 -1.8 -1.4 -1.0 
. -2 log ~, amp·cm 
Figure 13. The effect of current density on the 
apparent valence of zinc undergoing anodic dissolu-
tion at 25°C. (!::::. 0.100 N KBr-0.100 N KBr0 3 , 0 0.050 
N KBr-0.050 N KBr0 3 , and Q 0.200 N KBr0 3 ) 
JG 
Thus, the apparent valence (or current efficiency) can 
be predicted for various concentrations (0.100 N <C -< Bro 3 
-3 -2 0.200 N), and current densities (3 x 10 amp-em < 
i < 65 x 10- 3 amp-cm- 2 ) at 25°C. For example, 
when CBr03 = 0.200 Nandi= 10 x 10- 3 amp·cm- 2 at 25°C 
z. (from experiment) = 1.27 
l 
zi (from equation 21) = 1.31 
B. The Relationship Between the Current Density and the 
Potential of Zinc in Potassium Bromide-Potassium Bromate 
Solutions at 25°C 
The increase in the rest potentials with BrO) 
-
concentration (Table XXIII) indicates the Zn anode to 
be less active in the Bro; solutions. This is also sub-
stantiated by the polarization curves. Although linear 
Tafel regions were observed at low current densities, 
"semi" passivation regions were found at the higher 
values. At first glance, the "semi" passivation regions 
appear to be limiting current regions. However, due to 
their inverse relation and the magnitude of their 
changes, it is most likely that they are related to 
passivation phenomena rather than mass transfer limita-
tions. Halide ions are well known for their ability to 
break down passivation films on many metals, and ap-
parently Br- does this on Zn, e.g., compare the high 
current efficiencies (normal valences) and Tafel curves 
in Br- solutions with the low efficiencies and erratic 
behavior in Bro; solutions. 
Although the B:r.:-o; does aid ln hindering the anodic 
dissolution, it does not by any means stop it. The 
X-ray analyses as well as those reported by other in-
37 
vestigators indicate that ZnO (or hydrated oxide) is prob-
ably the passivating film. The complexing ability of 
Br- with Zn ions would b:r.:-eak down this passivity and 
allow normal anodic dissolution to proceed. 'The presence 
of Bro; would retard the film dissolution by Br and 
thus cause partial passivation. 
The Tafel slopes in Br--Bro; solutions at low cur:r.:-ent 
densities and in Br- solutions where the current effi-
ciencies are high probably have mechanistic significance 
since the electrode potential would not be affected by 
surface reactions other than the normal anodic dissolu-
tion reaction. At these conditions, the slopes a:r.:-e 
0.027- 0.033 volts, or 2.303 RT/2F, which would be 
associated with a rate dete:r.:-mining step preceded by two 
equilibrium cha:r.:-ge transfer steps. The mechanism sug-
gested previously for Zn dissolution in sulfate solutions 30 
and for cc1 25 had similar parameters and is proposed as 
the dissolution mechanism here. This mechanism is 
+ 
== ZnOII(s) + II (aq) + e 
+ ZnOH(s) == ZnO{s) + H (aq) + e 
ZnO{s) + n2o(aq) Zn(OH) 2 (s) (r.d.s.) 
+2 -Zn(OH) 2 (s) == Zn {aq) + 2 OH (aq) 
( 2 2) 
( 2 3) 
(24) 
{ 2S) 
The rate equations for each of the steps in the above 




e xp {- ( 1-a ) FE } 
RT 
anodic current density, -2 amp· em 
n = number of charges transferred = 1 
F =Faraday's constant= 96,500 coulombs/gm 
equivalent 
8 = fractional surface coverage 
k rate constant 
a syn®etry factor, assume to be 0.5 
E electrode potential, volts 
R gas constant= 8.314 joules/gm mole °K 
a activity 
At equilibrium, the equations (26) and (27) become: 
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(26) 
( 2 7) 
(28) 













and substituting equation (31) to (28), 
2.303 = 2F dE 







= 0.030 volts (at 25°C) 
dlog i 
C. Accuracy and Reproducibility 
The accuracy of the apparent valences depended on 





and weight of zinc dissolved. The accuracy of the milli-
ammeter was ~0.002, +0.02, and ~0.2 milliamperes for full 
scale deflections of 1.5, 15, and 150 milliamperes, re-
spectively, and could be conservatively estimated at 
+ l percent. The time of electrolyses was recorded 
within + 1 second, giving an error of less than 0.5 
percent. The weight-loss of zinc was measured within 
0.01 mg accuracy. For the potential measurements, the 
accuracy of the electrometer was + 0.003 volt for full 
scale deflection of one volt. 
The reproducibility of the valence was + l percent 
as shown 1n Table I. The potential of the electrode 
depended on the flow rate of nitrogen bubbling through 
the electrolyte. A constant nitrogen flow rate 
<~so ml/min) was maintained throughout the experiments. 
D. Limitations 
Because of non-uniform dissolution, the surface 
area of the zinc anode varied during electrolysis, 
40 
causing the current density to vary slightly even though 
the current was held constant. Also because of the 
resistance of the electrolytes and the stop-cock in the 
electrolytic cell, the maximum current density that 
-2 
could be attained was 0.08 amp-em • 
E. Recommendations 
It is recommended that valence and polarization 
studies be made at temperatures greater than 2soc and 
in electrolytes containing zinc salts. It would be of 
interest to see their effect on the disintegration of 
the metal during electrolysis. 
A study of the dissolution process 1\B -KBrO 
r 3 
solution with small amounts of anions, such as No;, 




Four appendices are included in this section. 
Appendix A contains a list of materials, Appendix B a 
list of equipment, Appendix C miscellaneous experimental 




The following is a list of the major materials 
used in this investigation. 
1. Potassium Bromide. Reagent grade, meets ACS 
specifications. 
Jersey. 
Fisher Scientific Co., Fairlawn, New 
2 . Potassium Bromate. Reagent grade, meets ACS 
specifications. 
Jersey. 
Fisher Scientific Co., Fairlawn, New 
43 
3. Acetone. Reagent grade, Fisher Scientific Co., 
Fairlawn, New Jersey. 
4. Nitrogen. Prepurified grade, Matheson Co., 
Joliet, Illinois. 
5. Zinc. 99.99+ percent purity, typical impuri-
ties: Fe, 0.0002%; Pb, 0.0019%; Cd, 0.0017%. Obtained 
by Dr. T.J. O'Keefe from American Zinc Co., St. Louis, 
Missouri. 
6. Silver Nitrate. Reagent grade, meets ACS 
specifications. 
Jersey. 
Fisher Scientific Co., Fairlawn, New 
7. Potassium Chromate. Reagent grade, meets ACS 
specifications. 
Jersey. 




The following lS a list of the principal equipment 
used in this investigation. 
1. Surface Preparation of Zinc Specimens 
a. Belt Surfacer. Buehler No. 1250. 
Evanston, Illinois. 
Buehler Ltd. , 
b. Hand Grinder. Ilandimet, 4-stage with grits No. 
240, 320, 400, and 600. Buehler No. 1470, Buehler Ltd., 
Evanston, Illinqis. 
c. Ultrasonic Cleaner. Hodel LP-1. :Clectromation 
Component Corp., L. I., New York. 
2. Electrolysis Apparatus 
a. Power Supply. Hodel 711 A, DC regulated voltage 
(0-500 volts). Hewlett-Packard Co., Loveland, Col. 
b. Ammeter. Model 931. Weston Electric Instru-
ment Corp., Ne\'rark, New Jersey. 
c. Power Resistor. Hodel 240-C. Clarostat Mfg. 
Co., Inc., Dover, N.H. 
d. Timer. Lab-chron 1400. Lab-line Instruments, 
Inc., Melrose Park, Illinois. 
e. Balance. 'l'ype 2604. Sartorius-Werke Co., 
Germany. 
f. pH Heter. Model 19. Fisher Scientific Co., 
Pittsburgh, Pa. 
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g. l;lectromctcr. Hodel 610B. Keithley Instru-
ments, Inc., Cleveland, Ohio. 
h. Potentiostat. Wenking 6 6 'l'S 1. Gerhard Bank 
Elektronic, Gottingen, West Germany. 
l. Recorder. Type VOM-5, Bausch & Lomb Co., Inc., 
Dover, N.H. 
APPENDIX C 
MISCELLANEOUS EXPERII'lENTAL PROCEDURES 
1. Surface Preparation of Zinc Specimens 
a. Remove all pits and irregularities from metal 
surface with a wetted belt surfacer equipped with a 
No. 150 grit abrasive cloth belt. 
b. Finish the metal surface on a water-flushed, 
four-stage hand grinder equipped with grit Nos. 240, 
320, 400, and 600 abrasive strips, proceeding from the 
coarsest to the finest. 
c. Polish the surface until it appears perfectly 
flat, then clean in the ultrasonic cleaner for about 
one minute, rinsing with distilled water. 
d. Etch the electrode in dilute H2so 4 for about 
five seconds, then rinse with distilled water and 
dry acetone. 
2. Treatment of Grayish-White Film on the Zinc Electrode 
a. Rinse the electrode surface with distilled 
water, then massage the surface with a rubber policeman 
until the film is loosened. 
b. Clean the electrode in the ultrasonic cleaner 
until the film completely flakes off. 
c. Collect the film by filtration, rinse with uis-
tilled water and acetone, and then dry in the desiccator 






THE APPARENT VALENCE OF ZINC DISSOLVING ANODICJ\LLY IN 
1. 00 N KBr SOLUTION AT 25 °C 
Current Current Weight-loss 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc Expt Valence 
sec amp -2 amp. em gm gm 
14,800 9.99 3.00a 0.050 0.05054 l. 98 
14,800 9.99 3.00a 0.050 0.05071 l. 975 
l. 98e 
3,600 29.60 b 0.0361 0.03659 l. 974 lO.OOb 
4,430 29.60 10.00 0.0445 0.04511 l. 972 
l. 97e 
5,480 27.00 20.00c 0.050 0.05049 l. 981 
5,480 27.00 20.00c 0.050 0.05062 l. 977 
l. 98e 
3,647 28.38 30. ood 0.0350 0.03541 1.98 
6,600 47.30 d 0.1055 0.10583 l. 995 5o.ood 
2,757 47.30 50.00 0.0441 0.04430 l. 990 
l. 99e 
2,547 61.49 65.00d 0.0530 0.05346 l. 99 
1,680 75.68 d 0.0431 0.04352 l. 990 80.00d 




a area of the = em 
b area of the electrode 2.96 
2 
em 
1.35 2 c area of the electrode = em 




'I' liE APPAHENT VALENCE OF ZINC DISSOLVING ANODICALLY IN 
0.200 N KBr SOLUTION AT 25°C 
Current Current Weight-loss 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc Expt Valence 
sec amp amp· em -2 gm gm 
46,505 2.43 3.00a 0.0383 0.04002 1. 92 
12,990 9.46 lO.OOb 0.0413 0.04255 1. 94 
22,380 18.92 20.00b 0.1430 0.14634 1. 95 
3,600 40.50 30.00c 0.0492 0.05011 1. 97 
2,757 4 7. 30 5o.oob 0.0441 0.04469 1. 97 
3,000 61.49 65.00b 0.0625 0.06341 1. 98 
1,680 75.68 80.00b 0.0431 0.04358 1. 98 
electrode 0.811 2 a area of the = em 
electrode 0.946 2 b area of the = em 
1.35 2 c area of the electrode == em 
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TABLE III 
THE APPARENT VALENCE OF ZINC DISSOLVING ANODICALLY IN 
0.195 N KBr-0.005 N KBro 3 SOLUTION AT 25°C 
Current Current* Height-loss 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc 
sec amp -2 amp-em gm 
51,000 2.84 3.00 0.0489 
12,080 9.46 10.00 0.0387 
9,416 18.92 20.00 0.0603 
5,274 28.38 30.00 0.0507 
4,845 47.30 50.00 0.0776 
3,000 61.50 65.00 0.0625 
2,000 75.68 80.00 0.0513 





0.05444 1. 80 
0.04150 1. 87 
0.06353 1. 90 
0.05320 1. 91 
0.08154 1. 91 
0.06515 1. 92 
0.05354 1. 92 
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TADLE IV 
'l'HE APPARENT VALENCE OF ZINC DISSOLVING ANODICALLY IN 
0.190 N KBr-0.010 N KDr0 3 SOLUTION AT 25°C 
Current Weight-loss Current 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc 
sec amp amp· em -2 gm 
45,500 2.84 3.00a 0.0437 
11,586 9.46 lO.OOb 0.0371 
7,810 18.92 20.00b 0.0500 
4,016 28.38 30.00b 0.0386 
3,364 47.30 5o.oob 0.0539 
3,769 61.50 65.00b 0.0785 
1,950 75.68 8o.oob 0.0500 
a area of the electrode= 0.811 2 em 






0.04170 1. 78 
0.05486 1. 82 
0.04213 1.83 
0.05744 1. 88 
0.08402 1. 87 
0.05331 1. 88 
TABLE V 
THE APPAREWI' VALENCE OF ZINC DISSOLVING Al~ODICALLY IN 
0.130 N KBr-0. 070 N Kl3r0 3 SOLU'l'ION A'l' 25°C 
Current Current* vJeight-loss 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc Expt Valence 
sec amp -2 amp-em gm gm 
53,000 2.84 3.00 0.0508 0.06290 l. 62 
15,600 9.46 10.00 -.0500 0.06250 l. 60 
10,000 18.92 20.00 0.0640 0.08101 l. 59 
5,200 28.38 30.00 0.0500 0.06311 l. 58 
3,119 47.30 50.00 0.0500 0.06302 l. 59 
2,800 61.50 65.00 0.0583 0.07321 l. 59 
3,000 75.68 80.00 0.0769 0.09459 l. 62 


















0.100 N Kilr-0.100 N KBr0 3 SOLUTION AT 25°C 
Current Current Weight-loss 
10 3 
Density of Zinc 
X X 1Q3 Calc I:xpt 
-2 
amp amp• em gm gm 
2.84 3.00a 0.0483 0.06110 
9.46 lO.OOa 0.0463 0.05927 
18.92 20.00a 0.0591 0.07699 
28.38 30.00a 0.1425 0.18439 
47.30 5o.ooa 0.0512 0.06733 
52.72 65.0Gb 0.0553 0.07448 
75.68 80.00a 0.0538 0.07012 
area of the electrode= 0.946 2 em 












THE APPARENT VALENCE OF ZINC DISSOLVING ANODICALLY IN 
0 . 070 N KBr- 0 . 130 N KBr0 3 SOLUTION AT 25°C 
Current Current* Weight- loss 
10 3 
Density of Zinc 
Time X X 103 Calc Expt 
sec amp - 2 amp · cm gm grn 
52 , 000 2 . 84 3.00 0.0500 0 . 06490 
15,600 9.46 10.00 0 . 0500 0 . 06815 
7 , 810 18 . 92 20 . 00 0 . 0500 0 . 06971 
5,200 28 . 38 . 30 . 00 0 . 0500 0 . 06989 
3 , 119 47 . 30 50 . 00 0.0500 0.07152 
3 , 000 61 . 50 65 . 00 0.0625 0 . 08861 
1 , 950 75 . 68 80 . 00 0.0500 0 . 06910 














Tll:C 1\PPl\RENT Vi\LENCE OF ZINC DISSOLVING ANODICALLY IN 
0.050 N KDr-0.150 N KBro 3 SOLUTION AT 25°C 
Current Current* Weight-loss 
10 3 
Density of Zinc Apparent 
'l'ime X X 103 Calc Expt Valence 
-2 
sec amp amp· em gm gm 
54,500 2.84 3.00 0.0523 0.06790 1.51 
15,600 9.46 10.00 0.0500 0.07062 1.42 
7,810 18.92 20.00 0.0500 0.07146 1.40 
5,200 28.38 30.00 0.0500 0.07241 1.38 
3,119 47.30 50.00 0.0500 0.07270 1.38 
2,601 61.50 65.00 0.0542 0.07856 1.38 
l' 9 50 75.68 80.00 0.0500 0.07275 1.37 





THE APPARENT VALENCE OF ZINC DISSOLVING ANODICALLY IN 
0.200 U l\Br0 3 SOLUTION AT 25°C 
Current Current* Height-loss 
10 3 
Density of Zinc Apparent 
Time X X 103 Calc Expt Valence 
sec amp amp• em -2 gm gm 
58,600 2.84 3.00 0. 0 56 3 0.07996 1. 41 
15,600 9.46 10.00 0.0500 0.07871 1.27 
13,494 18.92 20.00 0.0864 0.13803 1. 25 
6,377 28.38 30.00 0.0612 0.09845 1. 25 
3,200 47.30 50.00 0.0512 0.08422 1. 22 
2,500 61.50 65.00 0.0521 0.08614 1. 21 
1,950 75.68 80.00 0.0500 0.08134 1. 23 
2 
* area of the electrode 0.946 em 
57 
'TABLE X 
X-RAY DIFFRACTION DATA FROJ\1 TIIE WIIITE PRECIPI'l'ATE FORMED 
DURING 'l'HE ANODIC DISSOLUTION OF ZINC IN 
0.050 N KBr-0.150 N KBro 3 SOLUTION AT 25°C 
Experimental Values A.S.T.M. Values for ZnO 
"d" Spacings Ao I/Il "d" Spacings Ao I/Il 
2.81 70 2.82 71 
2.62 59 2.60 56 
2.48 100 2.48 100 
l. 64 38 l. 63 40 
58 
TABLE XI 
\~EIGHT OF BROHIDE ION FORHED DURING TilE ANODIC DISSOLUTION 
OF ZINC IN 0 . 200 N Knro 3 AT 25°C 
Current \veight of Zn Wei9:ht of Br 
Density Calc Expt Zn in Excess Calc Expt 
-2 
amp · cm gm gm gm gm gm 
Q.030 0 . 061 2 0.09753 0 . 03633 0.01478 0 .0141 
0 . 060 0.053 0 . 08841 0.03541 0 . 01445 0 . 0139 
59 
'l'ADLE XII 
THE POTEN'l' IAL-CURRENT DENSITY RLLl\Tl Ot1SH:Cl? OP 
ZINC DISSOLVING ANODICALLY 
IN 1 . 00 N KBr SOLUTION AT 25°C (RUN 1) 
Potential Current* Cul'r.Qnt: DChSity 
){ )._03 
··-~ 
volts , NCE volts , SHE rna clll1p · em -2 
1.12 -0 . 84 0.00 0 , ()0 
1 . 11 - 0 .83 0 . 011 0 , ()34 
1 . 10 -0 . 82 0 . 029 0 , ()895 
1 . 09 -0 . 81 0.045 0 , :t 39 
1. 07 - 0 . 79 0 . 12 0 . 371 
1. 05 - 0 .77 0 . 95 2 .94 
1 . 04 -0 . 76 6 . 1 ).8.8 
1. 0 35 -0 . 75 19.1 59 . 0 
1 . 02 - 0 . 74 33 . 0 104.0 
1. 00 -0 . 72 48.0 148 ,o 
0 . 98 - 0 .70 22 . 5 69 . 5 
0 . 96 - 0 .6 8 26. 5 BJ..a 
0 . 9 3 - 0 .6 5 34 . 0 105 . o 
0 . 90 -0.62 39 . 0 120-5 
0 . 85 -0 . 57 49 . 0 151 . 5 
0 . 75 -0.47 55 . 5 171 · 5 
0 .6 5 -0.37 59. 0 182-5 
0 . 55 -0 . 27 61. 5 190 .0 
0 . 35 -0 . 07 74 . 5 230 
0 . 1 5 0 .13 91.5 282 
-0 . 10 0.38 115 356 
* area of the electrode 0.324 em 2 
TAI3LB XIII 
THE POTENri'Il\L-CURI"illN'l' DENSITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY 
IN 1 . 00 N KBr SOLUTION AT 25°C (RUN 2) 
Potential Current* Current Density 
X 103 
volts, NCE volts, SHE rna amp· em -2 
1 .12 -0.84 0.00 0 . 00 
1.11 -0 . 83 0.01 0.0324 
1.10 - 0 . 82 0 . 0265 0.0818 
1.09 -0. 81 0.049 0 . 151 
1 . 07 -0.79 0 . 155 0 . 479 
1.05 - -0 . 77 1.15 3 . 55 
1 . 04 -0.76 6 . 55 20.2 
1 . 035 - 0.755 17 . 0 52 . 5 
1.02 -0.74 31.0 95 .7 
1 . 00 -0.72 48 . 5 149 .7 
0.95 - 0 . 67 29.5 91 . 2 
0 . 90 -0.62 38.1 117 .8 
0 . 85 -0 . 57 51 .5 159.0 
0.75 - 0 . 47 57 .1 176.5 
0 . 65 -0.37 59 .5 184 . 0 
0 . 55 -0.27 62.7 193.7 
0 . 35 -0.07 77.3 239 . 0 
0 . 15 0 . 13 94.3 291.8 
-0 . 10 0.38 123.2 380.0 




THE POTENTil\L-CURRENT DENSITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY 
IN 0 . 200 N KBr SOLUTION AT 25°C (RUN 1) 
Pote ntial Current* Current De nsity 
X 103 
volts , NCE volts , SHE rna 
1.10 -0.82 0.00 
1 . 09 -0.81 0 . 005 
1. 085 -0.805 0.023 
1 . 08 -0 . 80 1 . 4 
1 . 07 - -0.79 2 . 2 
1.06 -0.78 3.3 
1.04 -0.76 4 . 7 
1.02 -0.74 6.3 
1 . 00 -0.72 9 . 0 
0 . 95 -0.67 15 . 8 
0 . 90 -0.62 21 .0 
0 . 85 -0.57 26.5 
0.84 -0 . 56 16.2 
0 . 82 - 0 .54 17 . 4 
0.77 -0.49 20.0 
0 . 72 -0 . 44 23 . 5 
0 . 62 -0.34 29 . 5 
0 . 52 - 0.2 4 29.0 
* area of the e l e ctrode = 0.324 2 em 
-2 
amp . em 
0 . 00 
0 . 015 




14 . 5 
19 .5 












'I'IIl:: PO'l'ENTIAL- CURREN'l' DENSITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY 
IN 0.200 N KBr SOLUTION AT 25°C (RUN 2) 
Potential Current* Current De nsity 
X 103 
volts , NCE volts , SHE rna amp -em -2 
l .ll -0.83 0 . 00 0 . 00 
1 . 105 -0.825 0.006 0.019 
1.10 -0.82 0.076 0 . 234 
l. 09 -0. 81 0.39 1.20 
1.08 -0. 80 0.51 1. 58 
1 .07 -0.79 0.82 2.54 
1.06 -0.78 1. 52 4.70 
1 . 04 -0.76 4 . 20 12.9 
l. 02 -0.74 6 . 30 19.5 
1. 00 -0.72 9 . 60 29.6 
0.95 -0. 67 16.0 49.5 
0.90 -0.62 21.8 67 . 4 
0.85 -0 . 57 25.0 77.1 
0 . 80 -0 . 52 16 . 5 50.9 
0.73 -0.4 5 18.8 58 . 0 
0 . 70 -0.42 20.1 62.0 
0 . 62 -0.34 24.2 74 . 7 
0.52 -0 . 24 28 . 8 89.0 
0 . 50 -0.22 30. 5 94.2 
0 .4 5 -0 . 17 32.0 98.9 
0.41 -0.13 31.5 97 . 4 
0. 39 -0 . 11 32.0 98.9 
0 .36 -0.08 32.0 98.9 




TliE PO'I'ENTil\L-CURR.EN'l' DENS I'l'Y HELA'riONSHIP OF 
ZIHC DISSOLVING ANODICALLY 




Potential Curr e nt Current DGnsity 
X 103 
volts , NCE volts, SHE rna ar.1p · em -2 
1 . 00 -0 . 72 o. oo 0.00 
0 . 99 -0 .71 0 . 007 0.0197 
0.98 - 0.70 0 . 01 0.0304 
0.97 -0.69 0 . 015 0 . 0456 
0 . 96 . - 0 . 68 0 . 029 0.088 
0.95 -0.67 0 . 20 0 . 608 
0.94 -0.66 0 . 81 2.46 
0.935 -0.655 3 . 25 9 . 88 
0 . 92 -0 . 64 3 . 20 9 .7 2 
0 . 90 -0.62 5.40 16.4 
0 . 88 -0.60 8 . 50 25 . 8 
0 . 86 -0 . 58 8.60 26.1 
0 . 83 -0.55 4 . 10 12 . 5 
0.78 -0 . 50 4 . 80 14.6 
0 . 73 -0.45 5 . 90 17.9 
0 . 63 -0 . 35 9 . 50 28 . 8 
0 . 53 -0 . 25 9 . 80 29. 8 
0 . 40 -0 . 12 11 . 0 33.4 
0.25 0.03 13.5 41.0 
0.10 0.18 13 . 0 39 . 5 
-0.2 5 0.53 16 .2 49 . 3 
-0 . 6 0 0 . 88 19.0 57 . 7 
-1.00 l. 28 23 .0 69 . 9 
-1 . 60 l. 88 2 3 . 8 72.4 
-1 . 80 2.08 24 . 2 73.5 
-2.00 2 . 28 26 . 1 79.3 




'I' ABLE XVI I 
TilE POTEN'l'IAL-CURREN'l' DENSITY RELA'l'IOHSIIIP OF 
ZINC DISSOLVING ANODICALLY IN 
0.190 N KBr-0 . 010 N KBr0 3 SOLUT ION AT 25°C 
Potential Current* Current Density 
X 103 
volts , NC.:E volts , SHE rna -2 amp• em 
0 . 95 -0 . 67 0.00 0 . 00 
0 . 94 -0.66 0 . 001 0 . 003 
0 . 92 -0 . 64 0 . 006 0 . 019 
0 . 91 -0.63 0 . 132 0 . 407 
0 . 90 -:-0.62 0 . 88 2 .72 
0 . 89 - 0 . 61 2 . 25 6.95 
0 . 87 -0.59 4 . 80 14 . 8 
0 . 85 - 0 . 57 6 . 20 19 . 1 
0 . 82 -0.54 1 0 .0 30 . 9 
0 . 78 -0 . 50 12 . 7 39 . 2 
0 . 75 -0 . 47 14.0 43 . 2 
0 . 72 -0 . 44 14 . 0 43 . 2 
0 . 68 -0 . 401 13 . 5 41. 6 
0 . 63 -0 . 35 16 . 0 49. 4 
0 . 58 -0 . 30 11.0 33 . 9 
0 . 48 -0 . 20 10 . 0 30 . 9 
0 . 3 8 -0 . 10 1 2 .0 37 .0 
0.28 -0 . 00 15 . 8 48 . 8 
0 . 08 0.20 16 . 2 50.0 
-0.10 0.38 19.5 60.2 
-0 . 40 0.68 19. 0 58 . 7 
-0 . 60 0 . 88 21 . 8 67 . 3 
-0.80 1. 08 17 . 0 52 . 5 
-1.20 1.48 16 . 6 51.3 
-1 . 6 0 1. 88 21 . 1 65.1 
-1 . 80 2.08 22 . 2 68 . 5 
-2.00 2.28 24 . 1 74 . 4 
electrode 0 . 324 em 2 
* a r ea of the = 
G5 
TABLE XVIII 
'l'HE POTEN'l' Ii\L-CURHENT DENSITY nELA'l' IONSIIIP OF 
ZINC DISSOLVING ANODICALLY IN 
IN 0 . 130 N KBr-0. 070 N KB r0 3 SOLU~ION AT 25°C 
Potential 
volts , NCE 
0.83 
0.82 
0 . 8 1 
0.80 
0 . 79 










0 . 38 
0 . 36 
0 . 32 
0 . 315 
0.30 
0 . 25 
0.15 





- 1 . 55 
volts , SHE 
- 0 . 55 
-0 . 5 4 
-0 . 53 
- 0.52 
- 0 . 51 
--0 . 50 
- 0 . 49 
-0.47 
- 0 .46 
-0.44 
-0.42 
- 0 . 3 7 
- 0 . 32 
- 0 . 22 
- 0 . 1 2 
-0 . 10 
-0.08 
-0 . 04 
-0.035 
- 0 . 02 
0 . 03 
0 . 13 
0 . 38 
0 . 63 




* area of the electrode 
Current* 
rna 
0 . 00 
0 . 013 
0.075 
0 . 099 
0 . 118 
0 . 145 
0.178 
0 . 220 
0.242 
0 . 87 
0 . 72 
0 . 96 
1 . 02 
1. 68 
0 . 4 8 
0 . 48 
0 . 51 
0.52 
3 . 10 
3 . 05 
3 . 10 
3 . 60 
4.00 
4. 30 
5 . 80 




= 0.329 em 
Current Densi t y 
X 103 
-2 
amp · em 
0 . 00 
0 . 0396 
0.228 
0 . 301 
0 . 359 
0.441 
0 . 541 
0 .669 
0 .73 5 
2 .64 
2 .19 
2 . 92 
3.10 
5 . 11 
1. 46 
1.46 





10 . 9 
12 . 2 
1 3.1 
17 . 6 
18 . 5 
19 . 4 
23 .1 
66 
Tl\I3LE XI X 
THE PO'l'EN'£Il\L- CURRENT DEN SITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY IN 
0 . 100 N KDr- 0.100 N KBr0 3 SOLUrrim~ AT 25°C 
Poten t ial Curren t Curre nt De nsity 
X 103 
volts, NCE volts, SHE rna -2 amp . em 
0 . 8 3 - 0 . 55 0 . 00 0 . 00 
0 . 82 - 0.54 0 . 022 0.0 30 
0 . 81 -0 . 52 0 . 149 0.204 
0 . 80 -0 . 5 2 0 . 558 0 . 762 
0.79 -0 . 51 22 . 00 30 . 10 
0 . 76 - 0.48 4 . 58 6 . 25 
0 . 73 - 0.45 4 . 00 5 .47 
0 . 70 -0.42 3 . 48 4.75 
0 . 67 -0 . 39 3 . 42 4 . 68 
0 . 64 -0.36 3 . 19 4 . 35 
0 . 53 -0 . 25 2 . 21 3 . 02 
0.49 - 0 . 21 2 . 00 2 . 74 
0.40 -0 . 12 2 . 38 3 . 26 
0 . 35 - 0.07 2 . 58 3 . 53 
0 . 30 -0 . 02 2 . 72 3.72 
0.20 0 . 08 3 . 09 4 . 22 
0 . 15 0.13 3 . 30 4.50 
0 . 10 0 . 18 3. 42 4 . 67 
0 . 05 0 . 23 3.62 4 . 95 
- 0.05 0.33 3.79 5 . 17 
-0 . 10 0 . 38 3 . 85 5 . 25 
-0 . 20 0.48 3 . 95 5 . 40 
- 0 . 30 0 .58 4 . 18 5 . 71 
- 0 .40 0 . 68 4.32 5.90 
-0. 50 0.78 4 . 38 5 . 98 
-0 . 60 0 . 88 4 . 40 6.02 
-0.70 0 . 98 4 . 70 6 . 42 
-0 . 80 l. 08 4 . 81 6 . 58 
~AULE XIX (continued) 
THE PO'l'ENTIAL-CURREN'l' DENSITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY IN 
0 . 100 N KBr- 0 . 100 N KBr03 SOLUTION AT 25°C 
Potential Current* Current Density 
X 103 
volts , NCE volts , SHE rna - 2 amp · cm 
-0.90 1.18 
-1. 00 1 .28 
-1.10 1. 38 
-1.20 1. 48 
-1.50 1. 78 
-1. 60 1. 88 
-1.70 1. 98 
-1.80 2 . 08 
-1.90 2.18 
* area of the electrode = 
4. 98 
5 . 17 






28 . 6 
0 . 732 em 2 
6 . 67 
7 . 06 
7 . 15 
7.48 
9.70 






THE POT~NTIAL-CURRENT DENSITY RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY IN 
0 . 070 N KBr-0 . 130 N KBr0 3 SOLUTION AT 25°C 
Pote ntial 
volts , NCE volts, SHE 
0 . 88 -0 . 60 
0 . 87 - 0 . 59 
0.86 - 0 . 58 
0.85 -0.57 
0 . 84 -0.56 
0 . 83 --o . 55 
0.82 -0 . 54 
0 . 8 0 -0 . 52 
0 . 76 -0 . 48 
0 . 64 -0 . 16 
0.52 - 0 . 24 
0 . 40 -0 . 12 
0 . 20 0 . 08 
0 . 05 0 . 23 
-0 . 40 0 . 68 
-0 . 80 1. 08 
-1.00 1.28 
-1.20 1. 48 
- 1 . 40 1. 68 
-1 . 60 1 . 88 
-1 . 8 0 2.08 
-2.00 2 . 28 
* area of the electrode 
Current* 
rna 
0 . 00 
0 . 004 
0 . 007 
0 . 010 
0 . 012 
0 . 014 
0 . 017 
0 . 025 
0 . 056 
0 . 33 
1. 60 
2.50 
1 . 10 
2 . 10 
16 . 0 
16.5 
17.0 
10 . 5 
11.5 
12 . 8 
12 . 8 
12 . 8 




amp • em 
0 . 00 
0.0123 
0 . 0216 
0 . 0309 
0 . 0371 
0 . 0432 
0 . 0525 
0 . 0774 
0 . 173 
1. 04 
4 . 93 
7 . 70 
3.40 
6 . 47 
49. 5 
51.0 
46 . 4 
32 . 4 
35 . 6 
39.6 
39 . 6 




'rilE PO'l'ENTI.i\L-CURREt~T DENSITY RELl\1'IONSIIIP OF 
ZINC DISSOLVING ANODICALLY IN 
0.050 N KBr-0 .150 N KBr0 3 SOLUTION AT 25°C 
Potential 
volts, NCE volts , SHE 
0.83 -0.55 
0 . 82 -0 . 54 
0 . 81 -0.53 
0 . 80 -0 . 52 
0 .79 -0 . 51 
0 . 78 - 0.50 
0. 77 -0 . 49 
0 .75 -0.47 
0 . 70 -0.42 
0 . 65 -0 .37 
0 . 60 - 0.32 
0.55 -0 . 2 7 
0 .45 -0.17 
0.35 -0 .07 
0 .10 0 .18 
-0 . 15 0.43 
- 0 .2 5 0 . 53 
-0.40 0 .6 8 
- 0 . 60 0 . 88 
- 1 . 00 1. 28 
-1.20 l. 48 
-1 . 40 l. 68 
- 1 . 60 l. 88 
-1. 80 2 . 08 
-2.00 2 . 28 






0 . 11 
0.14 
0.18 











5 . 45 
5. 65 
9 . 00 
9.00 
8 . 00 
8.30 
8 . 30 
8.30 
= 0 . 324 em 
2 
Curre nt Density 
X 103 
- 2 amp •cm 
0 . 00 
0 . 0062 
0 . 2472 
0 . 3 40 
0 . 432 
0 . 55 4 
0 . 618 
4 . 64 
5 . 90 
5 . 25 
5 .10 
5 . 10 
6 .49 
7.75 
9 . 58 
14.05 






25 . 6 
25.6 
2 5 .6 
70 
TABLE XXI I 
TilE POTENTIAL- CURRENT DENSI'l'Y RELATIONSHIP OF 
ZINC DISSOLVING ANODICALLY IN 
0 . 200 N KBr0 3 SOLUTION AT 25°C 
Pote ntial Current* Current Density 
X 103 
volts , NCE volts , SHE 
0 . 93 -0 . 65 
0 . 92 -0 . 64 
0 . 915 - 0.635 
0.91 -0 . 63 
0 . 90 - 0 . 62 
0 . 89 -0.61 
0 . 88 -0 .60 
0 . 86 -0 . 58 
0 . 84 - 0 . 56 
0.78 -0.50 
0 . 74 - 0 . 46 
0 . 71 -0 . 43 
0 . 68 -0 . 40 
0 . 63 - 0 . 35 
0 . 53 -0 . 25 
0 . 43 -0 . 15 
0.30 -0 . 02 
0 . 10 0.18 
- 0 . 10 0 . 38 
-0. 30 0.58 
- 0 . 50 0 . 78 
- 0 . 75 1 . 03 
-1. 00 1. 28 
- 1 . 25 1.53 
- 1. 50 1 . 78 
- 2.00 2 . 28 
* area of the electrode 
rna 
0 . 00 
0 . 0095 
0.0145 
0.0175 
0 . 0255 
0 . 056 
0 . 072 
0 .09 5 
0 . 122 
0 . 165 
0 . 191 
0 . 25 
0 . 81 
1. 70 
3.00 
3 . 60 
3 . 70 
4 . 10 
5 . 50 
7 . 80 
9 . 00 
12 . 0 
15 . 2 
22 . 0 
23.2 
25 .2 
= 0 . 324 em 
2 
-2 
amp · em 
0 . 00 
0 . 0294 
0 . 0448 
0 .0540 
0 . 0788 
0 . 173 
0.224 
0.294 
0 . 378 
0 . 501 
0 . 590 






12 . 7 
17 . 0 
24 . 1 
27 . 8 
37 . 1 
47 .0 
68 .0 
71 . 7 
78 . 0 
'I'ADLE XXI I I 
REST POTENTIALS AND TAFEL SLOPES 
FOR 'I'IIE ANODIC DISSOLUTION OF 
ZINC in Kllr-KBr0 3 SOLUTIONS AT 25°C 
:electrolyte Rest Potential 
gmol/liter volts , SHE 
1 . 00 N KBr -0 . 84 
0.200 N KBr -0 . 82 
0 . 195 N KBr-0 . 005 N KBr0 3 -0 .7 2 
0 . 190 N KBr-0 . 010 N KBr0 3 -0 . 67 
0 . 130 N KBr-0 . 070 N KBr0 3 -'0.55 
0 . 100 N KDr-0 . 100 N KBr03 -0 . 55 
0 . 070 N KBr-0.130 N KBr0 3 -0.60 
0.050 N KBr-0 . 150 N KBr0 3 -0 . 55 




0 . 027 
0 . 028 
0. 0 30 
0 . 029 
0 . 031 
0 . 027 
0.033 
0 . 032 
0 . 033 
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